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Description 

Inroduction 


s Sulfomethylacrylamide polymers in accordance with the teachings of European Publication No. 0225596 
are easily prepared from acrylamide polymers, formaldehyde, and bisulfites. Primary amide groups are 
always present in the final products produced by this process. There are occasions where the presence of 
acrylamide group in the finished polymer are not desirable. 

U.S. 4,604,431 and U.S. 4,675,359 teach the preparation of acrylamido sulfonic acid polymers from 

w polyacrylic acid and amino sulfonates including amino methane sulfonic acid. 

The process of this invention is the reaction of (polyacrylic acid + NH 3 + HCHO + HSO3) which 
provides a means to prepare sulfomethylacrylamide polymers without using acrylamide polymer backbone 
if the absence of amide groups is a desired end polymer product. The process of this invention is an 
improvement over these processes, in that the preformed amino methane sulfonic acid is not needed. 

75 

The Invention 

The invention comprises a method of introducing acrylamido methane sulfonic acid groups into acrylic 
acid or methacrylic acid polymers which comprises reacting the carboxylic groups in such polymers with 
20 from 2-100 mole % of an ammonia, formaldehyde and a water-soluble bisulfite mixture. This produces a 
finished polymer having from 1 to 60 moles of its carboxylic groups converted to acrylamido methyl 
sulfonic acid groups. 

The Starting Acrylic Acid or Methacrylic Acid Polymers 

25 

These polymers are well known and may be prepared by homo- or copolymerizing either acrylic acid or 
methacrylic acid. When acrylic or methacrylic acids are copolymerized, they may be combined with a 
variety of comonomers. Illustrations of such comonomers would be acrylamide, methacrylamide, or itaconic 
acid. The acrylic acid or methacrylic acid polymers may also be combined with small amounts of water- 
30 insoluble monomers such as acrylonitrile, styrene, vinyl acetate. The amount should not be of such 
magnitude so as to render the polymers water-insoluble. 

It is preferred to use as starting polymers the homopolymers of acrylic acid or methacrylic acid. While 
copolymers containing as little as 5 mole percent of either acrylic or methacrylic acid may be used as a 
starting material, it is preferred that the copolymers contain between 20-80% of acrylic acid or methacrylic 
35 acid. These starting polymer should be water-soluble or dispersible. 

The molecular weight of the starting polymers may vary from as little as 1,000 or 2,000 up to as much 
as several million. The molecular weight and the degree of conversion to acrylamido methyl sulplhonic acid 
polymers will depend primarily upon the intended end use. For example, if dispersancy is required, then 
polymers having molecular weights less than 100,000 would be used. For flocculation applications, the 
40 molecular weight should be as high as possible, e.g. about 500,000 to as much as several million. 

While the free acrylic or methacrylic acid forms of the polymers may be used, an equivalent is the 
utilization of their lower alkyl esters such as the methyl or ethyl acrylates, which esters hydrolyze during the 
course of the reactions hereafter described. 

The acrylic acid or methacrylic polymers are commonly prepared by solution polymerization. The 
45 finished solution may be used as such or diluted. Dry polymers may be added to water to form the solution. 
An alternative form of the acrylic acid methacrylic polymers which can be reacted with the ammonia, 
formaldehyde or bisulfite are water-in-oil emulsions of these polymers. 

The Water-ln-Oil Emulsions of Acrylic Acid Polymers* 

50 

The water-in-oil emulsions of acrylic acid polymers useful in this invention contain four basic compo- 
nents. These components and their weight percentages in the emulsions are listed below: 
A. Acrylic acid polymers: 
1. Generally from 5-60%; 
55 2. Preferably from 20-40%; and 

3. Most preferably from 25-33%; 

* Applies also to methacrylic acid polymers 
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B. Water: 

1. Generally from 20-90%; 

2. Preferably from 20-70%; 

3. Most preferably from 30-55%; 
5 C. Hydrophobic liquid: 

1. Generally from 5-75%; 

2. Preferably from 5-40%; and 

3. Most preferably from 20-30%; and 
D. Water-in-oil emulsifying agent; 

w 1. Generally from 0.1-21%; 

2. Preferably from 1-15%; 

It is also possible to further characterize the water-in-oil emulsions of the acrylic acid polymers with 
respect to the aqueous phase of the emulsions. This aqueous phase is generally defined as the sum of the 
polymer or copolymer present in the emulsion plus the amount of water present in the emulsion. This 

75 terminology may also be utilized in describing the water-in-oil emulsions which are useful in this invention. 
Utilizing this terminology, the aqueous phase of the water-in-oil emulsions of this invention generally 
consists of 25-95% by weight of the emulsion. Preferably, the aqueous phase is between 60-90% and most 
preferably from 65-85% by weight of the emulsion. 

The emulsions also may be characterized in relation to the water/oil ratios. This figure is simply a ratio 

20 of the amount of water present in the emulsion divided by the amount of hydrophobic liquid present in the 
emulsion. Generally, the water-in-oil emulsions of this invention will have a water/oil ratio of from 0.25 to 18. 
Preferably, the water-in-oil ratio will range from 0.5-14, and most preferably from 1.0-2.75. 

The Hydrophobic Liquids 

25 

The hydrophobic liquids or oils used in preparing these emulsions may be selected from a large group 
of organic liquids which include liquid hydrocarbons and substituted liquid hydrocarbons. 

A preferred group of organic liquids that can be utilized in the practice of this invention are paraffinic 
hydrocarbon oils. Examples of these types of materials include a branched-chain isoparaffinic solvent sold 
30 by Humble Oil and Refinery Company under the tradename "Isopar M" described in U.S. 3,624,019 and a 
paraffinic solvent sold by the Exxon Company, U.S.A. called "Low Odor Paraffinic Solvent". Typical 
specifications of this material are set forth below in Table I. 


35 

Table I 


40 

Specific Gravity 60 V60 ° F 
Color, Saybolt 
Appearance, visual 
Aniline Point, • F, ASTM D-611 

0.780-0.806 
+ 30 min. 
Bright and Clear 
160 min. 

Distillation, °F, ASTM D-86 


IBP 

365 min. 


FBP 

505 max. 


Flash Point, • F, TCC 

140 min. 

45 

Sulfur, ppm, Microcoulometer 

15 max. 


While paraffinic oils are the preferred materials for use in preparing the water-in-oil emulsions of this 
invention, other organic liquids can be utilized. Thus, mineral oils, kerosenes, naphthas, and in certain 
so instances petroleum may be used. While useful in this invention, solvents such as benzene, xylene, toluene, 
and other water immiscible hydrocarbons having low flash points or toxic properties are generally avoided 
due to problems associated with their handling. 

The Water-ln-Oil Emulsifying Agents 

55 

Any conventional water-in-oil emulsifying agent can be used such as sorbitan monostearate, sorbitan 
monooleate, and the so-called low HLB materials which are all documented in the literature and are 
summarized in the Atlas HLB Surfactants Selector. Although the mentioned emulsifiers are used in 
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producing good water-in-oil emulsions, other surfactants may be used as long as they are capable of 
producing these emulsions. It is also contemplated, however, that other water-in-oil emulsifying agents can 
be utilized. 

U.S. Patent 3,997,492 shows the use of emulsifiers generally having higher HLB values to produce 
5 stable emulsions similar in character to those discussed above. With the use of the equations present in this 
reference, which is hereinafter incorporated by reference, emulsifiers having HLB values between 4-9 can 
be utilized in the practice of this invention. 

In addition to the reference described above, U.S. 4,024,097 discloses particular emulsifying agents for 
the water-in-oil emulsions, which are the subject of this invention. These emulsions are generally prepared 
io according to this reference utilizing a water-in-oil emulsifying agent comprising a partially esterified lower 
N.N-dialkanol substituted fatty amide. Additionally, other surfactants such as polysoaps may be combined to 
produce emulsions having small particle sizes, excellent storage stability and high temperature stability. The 
emulsifying agent should be capable of keeping the latex stable at the reaction temperatures hereafter 
described. 

75 

The Preparation of the Water-ln-Oil Emulsions Of Acrylic Acid Polymers 

The general method for the preparation of emulsions of the type described above is contained in 
Vanderhoff, U.S. 3,284,393 which is hereinafter incorporated by reference. A typical procedure for preparing 

20 water-in-oil emulsions of this type includes preparing an aqueous solution of acrylic acid or its water soluble 
salts and adding this solution to one of the hydrocarbon oils described above. With the addition of a suitable 
water-in-oil emulsifying agent and under agitation, the emulsion is then subjected to free radical polymeriza- 
tion conditions and a water-in-oil emulsion of the acrylic acid polymer is obtained. It should be pointed out 
that the ingredients are chosen based upon the weight percentages given above and their compatability 

25 with each other. As to choice of free radical catalyst, these materials may be either oil or water-soluble and 
may be from the group consisting of organic peroxides, Vazo type materials, redox type initiator systems, 
etc. Additionally, ultraviolet light, microwaves will also cause the polymerization of water-in-oil emulsions of 
this type. 

In the manufacture of emulsions of this type, which are further detailed in U.S. 3,624,019, RE 28,474, 
30 U.S. 3,734,873, RE 28,576, U.S. 3,826,771. The use of air may be employed to control polymerization. This 
technique is decribed in U.S. 3,767,629. 

In addition to the above references, U.S. 3,996,180 describes the preparation of water-in-oil emulsions 
of the types utilized in this invention by first forming an emulsion containing small particle size droplets 
between the oil, water, monomer and water-in-oil emulsifying agent utilizing a high shear mixing technique 
35 followed by subjecting this emulsion to free radical polymerization conditions. Also of interest is U.S. 
4,024,097 which describes water-in-oil emulsions such as those described above utilizing particular 
surfactant systems for the water-in-oil emulsifying agent, allowing for the preparation of latexes having small 
polymer particle sizes and improved storage stability. 

Another reference, U.S. 3,915,920, discloses stabilizing water-in-oil emulsions of the type above 
40 described utilizing various oil-soluble polymers such as polyisobutylene. Employment of techniques of this 
type provides for superior stabilized emulsions. 

Of still further interest is U.S. 3,997,492 which describes the formation of water-in-oil emulsions of the 
type above described. 

45 Physical Properties of The Water-ln-Oil Emulsions 


The water-in-oil emulsions of the acrylic acid polymers useful in this invention contain relatively large 
amounts of polymer. The polymers dispersed in the emulsion are quite stable when the particle size of the 
polymer is from the range of 0.1 urn up to about 5 urn. The preferred particle size is generally within the 
50 range of 0.2 urn to about 3 urn. A most preferred particle size is generally within the range of 0.2 to 2.0 
urn. 

The emulsions prepared having the above composition generally have a viscosity in the range of from 
0.05 to 1 Pa.s (50 to 1 ,000 cps). It will be seen, however, that the viscosity of these emulsions can be 
affected greatly by increasing or decreasing the polymer content, oil content, or water content as well as the 
55 choice of a suitable water-in-oil emulsifier. 

Another factor attributing to the viscosity of these types of emulsions is the particle size of the polymer 
which is dispersed in the continuous aqueous phase. Generally, the smaller the particle obtained the less 
viscous the emulsion. At any rate, it will be readily apparent to those skilled in the art as to how the 
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viscosity of these types of materials can be altered. It will be seen that all that is important in this invention 
is the fact that the emulsion be somewhat fluid, ie; pumpable and is stable at the temperatures where the 
chemical modification of the polymer is taking place. 

5 The Ammonia Formaldehyde Bisulfite Mixture 

This mixture of three compounds is prepared by adding ammonia, preferably in the form of ammonium 
hydroxide, formaldehyde and sodium or other water soluble bisulfites to provide an aqueous solution of the 
three ingredients. In one embodiment of the invention, the formaldehyde and bisulfite can be first added to 

w water to prepare an adduct. To this adduct is then added the ammonia. 

The ammonia, formaldehyde and bisulfite can be used at any ratios. It is preferred that the mole ratio of 
ammonia, formaldehyde and the bisulfite is about 1:1:1. A molar excess of 10-30% of ammonia may also be 
used. The ammonia formaldehyde and bisulfite should be in sufficient quantities to provide from 2-100 mole 
percent per the number of moles of carboxylic acid groups present in the starting acrylic acid or 

75 methacrylic acid polymers. As indicated, the finished polymer of the invention contains from 1 to 60 moles 
of its carboxylic acid groups converted to amido methyl sulfonic groups. 

The Reaction Conditions Temperature 

20 The reaction is conducted at a temperature of at least 70 'C, preferably within the range of 100° -220' 
C, and most preferably within the range of 120* -200* C. The reaction will usually run for 3-8 hours. 

The Reaction Media and pH 

25 The reaction is conducted in an aqueous environment and the reactants are used as an aqueous 
solution thereof. A convenient method of conducting the reaction is to first prepare a solution of the starting 
polymer which would contain between about 5% up to as much as 50% by weight. The concentration would 
depend upon the viscosity of the solution, which is dictated by the molecular weight, and the degree of 
branching of the starting polymer. To this would be added the ammonia, formaldehyde and bisulfite, 

30 preferably as an aqueous solution. When water-in-oil emulsions are used the three reactans would be added 
to these emulsions directly. 

The reaction is conducted in the presence of a water-soluble base such as sodium or potassium 
hydroxide. The corresponding carbonates can be used. In terms of pH, such may vary over a wide range, 
e.g. 2-12, although 2-8 is preferable. 

35 

Pressure 


The reaction due to the volatile nature of the solvent at the temperatures of the reaction require the use 
of a pressurized environment. While it may be simply autogenous, it is preferably within the range of at 
40 least 1 and most preferably 5-20 atmospheres of pressure. 

The time of the reaction may vary between two hours up to 15 hours although the time of the reaction 
is controlled by the temperature, pressure, and reactivity of the ingredients. 

After the reaction has been completed, the finished product is in the form of a solution or a water-in-oil 
emulsion which may be converted to a solid using known techniques such as evaporation or precipitation. 
45 To illustrate the invention, the following examples are presented in the form of the Table. 
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Using the same procedures as shown in the Table, similar results should be obtained using methacrylic 
55 acid. 

From the above examples, it is evident that slight degradation of the polymes occurs due to the 
reaction conditions. The activity of these polymers, however, is good when tested in such applicational 
areas as decribed in U.S. 4,675,359. 
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Claims 

1. A method of introducing acrylamide methane sulfonic acid groups into acrylic acid or methacrylic acid 
polymers which comprises reacting the carboxylic acid groups in such polymers with from 2 to 100 

5 mole % of a mixture of, ammonia formaldehyde and a water-soluble bisulfite whereby from 1 to 60 
moles of the carboxylic acid groups in such polymers are converted to acrylamide methane sulfonic 
acid groups. 

2. The method of claim 1, where the acrylic acid or methacrylic acid polymers are water-soluble. 

w 

3. The method of claim 1 or 2,where the acrylic acid or methacrylic acid polymers are in the form of an 
aqueous solution. 

4. The method of claim 1 or 2,where the acrylic acid or methacrylic acid polymers are in the form of a 
75 water-in-oil emulsion. 

5. The method of anyone of claims 1 to 4,where the reaction is conducted at a temperature of at least 
70* C. 

20 6. The method of claim 5, where the reaction temperature is from 100°C to 220 °C. 

7. The method of claim 6, where the reaction temperature is from 120°C to 200 °C. 

8. The method of anyone of claims 1 to 7, where the polymer to be reacted comprises at least 5 mole % 
25 of acrylic acid or methacrylic acid groups. 

9. The method of claim 8, wherein the polymer to be reacted comprises between 20 and 80 mole % of 
acrylic acid or methacrylic acid groups. 

30 10. The method of claim 8 wherein the polymer to be reacted comprises 20 to 50 mole % of acrylic acid or 
methacrylic acid groups. 

11. The method of anyone of claims 1 to 7, wherein the polymers to be reacted are acrylic acid or 
methacrylic acid homopolymers. 

35 

12. The method of anyone of claims 1 to 11, wherein the polymer to be reacted is an acrylic acid polymer. 

13. The method of anyone of claims 1 to 12, where the reaction is conducted in the presence of a water- 
soluble base such as sodium or potassium hydroxide or carbonate. 

40 

14. The method of anyone of claims 1 to 13, where the pH of the reaction medium varies over a range of 
from 2 to 12, and in particular of from 2 to 8. 

15. Use of the modified polymers obtained in the method of any of claims 1 to 14, in particular polymers 
45 having a molecular weight of less than 100,000, as dispersant. 

16. Use of the modified polymers obtained in the method of any of claims 1 to 14, in particular of polymers 
having a molecular weight of about 500,000 to several millions, as flocculant. 

so Patentanspruche 

1. Verfahren zur Einfuhrung von Acrylamidmethansulfonsauregruppen in Acrylsaure- oder Methacrylsaure- 
Polymere, das umfa/tt die Umsetzung der Carbonsauregruppen in diesen Polymeren mit 2 bis 100 Mol- 
% einer Mischung von Ammoniak, Formaldehyd und einem wasserloslichen Bisulfit, wodurch etwa 1 

55 bis etwa 60 Mol der Carbonsauregruppen in diesen Polymeren in Acrylamidmethansulfonsauregruppen 
umgewandelt werden. 

2. Verfahren nach Anspruch 1 , worin die Acrylsaure- oder Methacrylsaure-Polymeren wasserloslich sind. 
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a Verfahren nach Anspruch 1 Oder 2, worin die Acrylsaure- Oder Methacrylsaure-Polymeren in Form 
einer waflrigen Losung vorliegen. 

4. Verfahren nach Anspruch 1 oder 2, worin die Acrylsaure-oder Methacrylsaure-Polymeren in Form einer 
5 Wasser-in-OI-Emulsion vorliegen. 

5. Verfahren nach einem der AnsprCiche 1 bis 4, worin die Reaktion bei einer Temperatur von mindestens 
70 • C durchgefuhrt wird. 

70 6. Verfahren nach Anspruch 5, worin die Reaktionstemperatur 100 bis 220 °C betragt. 

7. Verfahren nach Anspruch 6, worin die Reaktionstemperatur 120 bis 200 'C betragt. 

8. Verfahren nach einem der Anspruche 1 bis 7, worin das umzusetzende Polymer mindestens 5 Mol-% 
75 Acrylsaure- oder Methacrylsauregruppen aufweist. 

9. Verfahren nach Anspruch 8, worin das umzusetzende Polymer zwischen 20 und 80 Mol-% Acrylsaure- 
oder Methacrylsauregruppen aufweist. 

20 10. Verfahren nach Anspruch 8, worin das umzusetzende Polymer 20 bis 50 Mol-% Acrylsaure- oder 
Methacrylsauregruppen aufweist. 

11. Verfahren nach einem der Anspruche 1 bis 7, worin die umzusetzenden Polymeren Acrylsaure- oder 
Methacrylsaure-Homopolymere sind. 

25 

12. Verfahren nach einem der Anspruche 1 bis 11, worin das umzusetzende Polymer ein Acrylsaure- 
Polymer ist. 

13. Verfahren nach einem der Anspruche 1 bis 12, wobei die Reaktion in Gegenwart einer wasserloslichen 
30 Base, wie z.B. Natrium- oder Kaliumhydroxid oder -carbonat durchgefuhrt wird. 

14. Verfahren nach einem der Anspruche 1 bis 13, wobei der pH-Wert des Reaktionsmediums Liber einen 
Bereich von 2 bis 12, insbesondere von 2 bis 8, variiert. 

35 15. Verwendung der modifizierten Polymeren, wie sie bei dem Verfahren nach einem der AnsprUche 1 bis 
14 erhalten werden, insbesondere von Polymeren mit einem Molekulargewicht von weniger als 100 
000, als Dispergiermittel. 

16. Verwendung der modifizierten Polymeren, wie sie bei dem Verfahren nach einem der Anspruche 1 bis 
40 14 erhalten werden, insbesondere von Polymeren mit einem Molekulargewicht von etwa 500 000 bis zu 
mehreren Millionen, als Flockungsmittel. 

Revendications 

45 1. Methode d'introduction de groupes acide acrylamido methane sulfonique dans des polymeres d'acide 
acrylique ou methacrylique, qui comprend la mise en reaction des groupes acide carboxylique, dans de 
tels polymeres, avec 2 a 100 moles % d'un melange d'ammoniaque, de formaldehyde et d'un bisulfite 
soluble dans I'eau, dont il resulte la transformation de 1 a 60 moles des groupes acide carboxylique, 
dans de tels polymeres, en groupes acide acrylamido methane sulfonique. 

50 

2. Methode selon la revendication 1 , dans laquelle les polymeres d'acide acrylique ou d'acide methacryli- 
que sont solubles dans I'eau. 

3. Methode selon la revendication 1 ou 2, dans laquelle les polymeres d'acide acrylique ou d'acide 
55 methacrylique sont sous forme d'une solution aqueuse. 

4. Methode selon la revendication 1 ou 2, dans laquelle les polymeres d'acide acrylique ou d'acide 
methacrylique sont sous forme d'une emulsion "eau dans huile". 
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5. Methode seton Tune quelconque des revendications 1 a 4, dans laquelle la reaction est effectuee a une 
temperature d'au moins 70 "C. 

6. Methode selon la revendication 5, dans laquelle la temperature de reaction est de 100 a 220° C. 

5 

7. Methode selon la revendication 6, dans laquelle la temperature de reaction est de 120 a 200 • C. 

8. Methode selon I'une quelconque des revendications 1 a 7, dans laquelle le polymere a mettre en 
reaction comprend au moins 5 moles % de groupes acide acrylique ou acide methacrylique. 

w 

9. Methode selon la revendication 8, dans laquelle le polymere a mettre en reaction comprend entre 20 et 
80 moles % de groupes acide acrylique ou acide methacrylique. 

10. Methode selon la revendication 8, dans laquelle le polymere a mettre en reaction comprend 20 a 50 
75 moles % de groupes acide acrylique ou acide methacrylique. 

11. Methode selon Tune quelconque des revendications 1 a 7, dans laquelle les polymeres a mettre en 
reaction sont des homopolymeres d'acide acrylique ou d'acide methacrylique. 

20 12. Methode selon Tune quelconque des revendications 1 a 11, dans laquelle le polymere a mettre en 
reaction est un polymere d'acide acrylique. 

13. Methode selon Tune quelconque des revendications 1 a 12, dans laquelle la reaction est effectuee en 
presence d'une base soluble dans I'eau telle que I'hydroxyde ou le carbonate de sodium ou de 

25 potassium. 

14. Methode selon Tune quelconque des revendications 1 a 13, dans laquelle le pH du milieu reactionnel 
varie dans un domaine de 2 a 12, et en particulier de 2 a 8. 

30 15. Utilisation des polymeres modifies obtenus dans la methode selon I'une quelconque des revendications 
1 a 14, en particulier des polymeres ayant un poids moleculaire inferieur a 100 000, comme dispersant. 

16. Utilisation des polymeres modifies obtenus dans la methode selon Tune quelconque des revendications 
1 a 14, en particulier des polymeres ayant un poids moleculaire d'environ 500 000 a plusieurs millions, 
35 comme floculant. 


40 
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